It was hypothesized that a short interpregnancy interval immediately following the birth of an infant that had succumbed to sudden infant death syndrome (SIDS) (and no other cause of death) would be associated with a reduced mean birth weight in the next infant. Mothers who had given birth to two children in the state of Oregon between 1975 and 1984 and whose first child had died in infancy from either SIDS (n = 84) or some other cause (n = 305) were identified from vital records. A multiple regression analysis in which adjustment was made for possible confounding variables (including the birth weight of the deceased child) was conducted. When the firstborn child had succumbed to SIDS, the mean birth weight of the next baby was 314 g (2,978 g vs. 3,292 g, p = 0.04) lower when the interpregnancy interval was less than 6 months versus greater than 6 months. In contrast, a less-than-6-month interval had a slightly positive effect (60 g) on the mean birth weight of the next baby when the firstborn child had died due to a cause other than SIDS. These results suggest that parents who have lost a child to SIDS may wish to delay a new pregnancy for at least 6 months. Am J Epidemiol 1996;143:1137-41. birth intervals; birth weight; sudden infant death Both the victims of sudden infant death syndrome (SIDS) and their nonaffected siblings have average birth weights that are significantly lower than expected (1-3). In the former case, the reduced birth weight appears to be partly explained by the effect of a short interpregnancy interval (4). There is indirect evidence to suggest that this explanation also applies to the nonaffected siblings.
Both the victims of sudden infant death syndrome (SIDS) and their nonaffected siblings have average birth weights that are significantly lower than expected (1) (2) (3) . In the former case, the reduced birth weight appears to be partly explained by the effect of a short interpregnancy interval (4) . There is indirect evidence to suggest that this explanation also applies to the nonaffected siblings.
The sibling birth weight deficit has been found to be quite small (44 g) when the mother is under 20 years of age but more than 200 g when the mother is aged 25 or over (1) . Because the proportion of births that have been preceded by a previous birth increases as the mother's age increases (5), the above change in the size of the deficit with increasing mother's age is consistent with a short pregnancy interval also adversely affecting the average birth weight of SIDS siblings.
In this study, we tested the hypothesis that a short interpregnancy interval following the birth of an infant that succumbed to SIDS is associated with a significant reduction in the sibling's mean birth weight. For comparison, we examined the birth weights of siblings born after the birth of a child who died in infancy from some other cause. Attention was restricted to the pregnancy immediately following the death of a child, because of the parental desire to replace a deceased child and the high proportion of short pregnancy intervals that accompany this desire.
MATERIALS AND METHODS
Computerized data taken from the birth certificates of approximately 393,000 live births occurring in the state of Oregon between 1975 and 1984 were sorted by mother's maiden name (i.e., her childhood surname). Mothers with the same maiden names were distinguished by their first and second names. A mother (and her offspring) was excluded from this data bank if 1) she had had a multiple birth at any time or 2) she had had one or more live births prior to 1975.
The study was restricted to an examination of sibships containing two liveborn offspring born in the state of Oregon between 1975 and 1984. From this subpopulation, instances in which the firstborn child had died in infancy either from SIDS or from some other cause were selected. In order for the two offspring listed under a particular mother's name to be accepted as definite members of the same sibship, the month and year of the "last live birth" appearing on the most recent birth certificate had to be die same as the month and year appearing on the birth certificate of the 1138 Spiers et al.
firstborn child. Siblings were designated as probably having the same mother even if there was no match on birth dates, provided that the date of the last fetal death corresponded to the date of birth of the firstborn child. Possible pairs of siblings were those in which the difference in the mother's age on the two certificates was within 1 year of the difference in the two birth dates.
The death of a child was indicated by the presence of a death certificate number appended to the birth certificate information. This death certificate number was sought and found in a separate register. An instance of SIDS was accepted as such if the International Classification of Diseases code number appearing on the death certificate was 795.0 (for the years 1975-1977 (6)) or 798.0 (7) and the child was under 1 year of age at the time of death. During the years 1975-1985, more than 90 percent of SIDS cases in the state of Oregon were diagnosed by autopsy.
A pregnancy interval was determined by calculating (from birth certificate data) the period of time between the firstborn child's birthday and the first day of the last menstrual period before the second child's birth. Following the criterion of Fedrick and Adelstein (8), a short pregnancy interval was defined as one of less than 6 calendar months.
To determine whether the average birth weight of infants conceived within 6 months was lower than that associated with a longer interval when the sibling born immediately before had succumbed to SIDS but not when death was due to some other cause, a multiple regression model was fitted with an interaction term between SIDS death (yes/no) and pregnancy interval. Other factors included in the model were the birth weight of the sibling who had died, the mother's age at the birth of the index child, the number of years of education the mother had received, whether the mother was married or not at the time of the birth, the index child's race and sex, the number of prenatal visits made during the index pregnancy, and the month in which prenatal care began.
The original numbers of sibling pairs in which the firstborn child had died in infancy from SIDS or from some other cause were 106 and 380, respectively. Four index cases belonging to the former category and eight belonging to the latter category were excluded from the study because of missing data. Also excluded were 38 instances in which a fetal death occurred between the two live births. In seven of these latter instances, the previous-born sibling had succumbed to SIDS.
Adjusted mean birth weights for index infants following the death in infancy of the first child (SIDS death, yes/no) by pregnancy interval (<6 months vs. s6 months) were calculated using the SAS (9) generalized linear models procedure (PROC GLIM) for the multiple regression model described above. Potential outliers were identified on the basis of the change in the predicted value resulting from exclusion of that child's data from the multiple regression (dffits). The analyses were repeated after the identified outliers had been excluded.
RESULTS
Of 436 pairs of infants ostensibly born to the same mother (table 1) , 47 pairs were excluded from further analysis because the birth date of the firstborn child as it appeared on the birth certificate did not correspond to the date of the last live birth appearing on the second certificate. For 28 of these excluded pairs, the second-bom child's certificate indicated that there had been two previous live births. For the remaining 19 pairs, the difference in mothers' ages on the two certificates was not within 1 year of the difference in the two birth dates. The exclusion rate for each series was similar: 11.6 percent for the SIDS series and 10.6 percent for the non-SIDS series.
For 72 pairs in the SIDS series and 243 pairs in the non-SIDS series, there was exact correspondence between the date of birth of the firstborn child and the date of the last live birth on the second certificate. These pairs are described as "definite" in table 1. The numbers of total "probable" and total "possible" matched pairs were 25 and 49, respectively. * SIDS, sudden infant death syndrome. t The date of birth on the firstborn's birth certificate was the same as that of the last live birth on the second-born's birth certificate.
t The date of birth on the firstborn's birth certificate was the same as that of the last fetal death on the second-born's birth certificate.
§ The firstborn's date of birth did not appear on the secondborn's birth certificate, but the difference in years between mothers' ages on the two certificates was within 1 year of the difference In birth dates on the two certificates. Table 2 shows that the mean birth weight of all infants born following the death in infancy of the firstborn child was 150 g greater if the cause of death was SIDS than if the cause was non-SIDS (3,410 g vs. 3,260 g, p < 0.05). The siblings of SIDS victims also had a longer mean gestation period (286 days) than the siblings of infants who died of some other cause (274 days). These differences are consistent with the more marked differences seen in the mean birth weights (3,124 g vs. 2,054 g, respectively) and mean lengths of gestation (275 days vs. 240 days, respectively) of the deceased siblings (table 2) .
At the time of the birth of the sibling, mothers who had lost their firstborn child to SIDS were approximately 2 years younger than mothers who had lost their firstborn child to some other cause (table 2) . On average, they had received 1 year less of education, and a higher proportion of them were unmarried. Approximately one fourth of both groups of mothers became pregnant again within 6 months of the birth of the first child. Table 3 shows that the unadjusted mean birth weights of the siblings of SIDS victims differed significantly by pregnancy interval (p -0.04). The mean birth weight associated with the less-than-6-month interval (3,153 g) was 337 g lower than that associated with the longer interval (3,490 g). The mean birth weights associated with the two pregnancy intervals did not differ significantly when the firstborn child had died of a cause other than SIDS.
For the siblings of SIDS victims, adjustment for possible confounding factors reduced the difference between the two mean birth weights from -337 g to -314 g. For the siblings of infants who died of some other cause, the difference was increased from +27 g to +60 g. The adjusted mean birth weights for siblings by cause of death of the firstborn child differed by only 6 g (3,292 g vs. 3,298 g) when the interval was 6 months or more. In contrast, the difference when the interval was less than 6 months was 380 g (2,978 g vs. 3,358 g).
DISCUSSION
The results of the present study provide support for the hypothesis that a short interpregnancy interval following the birth of an infant who succumbed to SIDS is associated with a marked reduction in mean birth weight. The fact that the mean length of gestation for 19 of the 20 siblings born within 6 months was 283 days suggests that this reduction was due to fetal growth retardation. This conclusion is in agreement with the view of Lang et al. (10) that interpregnancy intervals are associated with variation in the risk of fetal growth retardation and not preterm labor.
The database used in the present study was limited to mothers who had given birth to two children in the state of Oregon. This means that a mother who had her firstborn child in Oregon and her next child in, for example, California was not included in the analysis. The bias this may have introduced into our results is unknown. It seems reasonable to assume, however, that the magnitude of the bias was the same in the two series of siblings.
Our results might have been affected by one or more important confounders being ignored. Maternal smoking, a factor on which we had no information, is an obvious candidate. Generally, maternal smoking has a negative effect on birth weight (11) . It is particularly associated with infants succumbing to SIDS at <12 weeks of age (12, 13) . Since mothers who smoke during their first pregnancy are likely to do so during their second pregnancy (11), it is conceivable that the reduced mean birth weight of SIDS victims' siblings born within 6 months is due to the influence of maternal smoking. However, if all mothers of SIDS siblings born within 6 months smoked, and if all mothers of SIDS siblings born after 6 months did not smoke, the difference between the mean birth weights would be approximately 150 g (11) , considerably less than the observed difference of >300 g. An interaction between maternal smoking and a short interval might have occurred, but if this were the case for the SIDS siblings, then either it did not apply to the siblings of infants who succumbed to death from other causes or the slight positive effect of a short interval in the latter case was an underestimate.
After standardizing for length of gestation, Oyen et al. (3) found the mean birth weight of siblings of SIDS victims in Norway to be 68 g lower than that of the general population. They estimated that 50 g of this deficit could be accounted for by maternal smoking (3) . If their estimate is correct, there would appear to be little room for a short-interval effect on birth weight in Norway. Three explanations might be considered for the discrepancy between our results and those of Oyen et al. : 1) The percentage of mothers of SIDS victims who became pregnant again within 6 months was much lower in Norway than in the United States; 2) the Norwegian study underestimated the difference between the average birth weight of SIDS siblings and that of the general population; and 3) the short-interval effect found in the present study was an artifact or was due to chance. An argument against the latter explanation is the 397-g difference between the average birth weights associated with the two intervals in the second-born SIDS victims in the present study (2,743 g vs. 3,140 g; n = 13 and n = 68 for intervals of <6 months and s6 months, respectively).
There have been intermittent recommendations that, for research purposes, SIDS cases be limited to those that have been diagnosed by autopsy (14, 15) . We did not follow this recommendation, because we believe die advantages of including non-autopsied cases outweigh the disadvantages. For the years 1978 and 1979, a six-site epidemiologic study in die United States reported the false-positive rate among SIDS cases diagnosed by autopsy to be 5.5 percent (16) . The overall false-positive rate in non-autopsied cases diagnosed in the United States between 1979 and 1988 has been estimated at 11 percent (P. S. Spiers, unpublished data). Assuming that 17.7 percent of all SIDS cases in die beginning of the 1980s were diagnosed without autopsy (17) , their inclusion is likely to have raised the overall false-positive rate from 5.5 to 6.6 ((0.823 X 5.5) + (0.177 X 11.0)) percent. The false-positive rates in autopsied and non-autopsied cases in die state of Oregon are unknown, but it does not seem likely mat including the latter would have increased the overall rate by more uian 1 percentage point This would have worked against die hypodiesis. An advantage of including die non-autopsied cases is mat it will have eliminated the unknown bias arising from the possibility that the religious beliefs of parents who were unwilling to permit an autopsy were unusually distributed.
The different effects of a short interpregnancy interval on second-bom birth weight in the cases of mothers who had lost an infant to SIDS and those who had lost an infant to some other cause are not the only results to suggest that the two groups of mothers are different. For example, while number of previous fetal losses is positively correlated with risk of neonatal death (18) , it is negatively correlated with the risk of SIDS (19) . In addition, while mothers living on the East Coast of the United States have a relatively low risk of losing an infant to SIDS and a relatively high risk of losing an infant to some other cause, the opposite is true for mothers living on the West Coast (20) . When a mother migrates from the area in which she was born, the SIDS : non-SIDS ratio to which her offspring are subject travels with her (21) . However, this only holds true if the father was born in the same area as the mother (22) . It would be of interest, therefore, to establish whether the short-interval effect on birth weight persists if the second child has been fathered by a different man.
In spite of certain limitations inherent in the design of our study, we think it reasonable at this time to advise parents who have lost a child to SIDS to delay starting their next pregnancy for more than 6 months. If this advice is sound, some instances of fetal growth retardation might be prevented. If the advice is incorrect, no harm will have been done, because the length of the interpregnancy interval seems to have little effect on mean birth weight in the general population (22) .
